Background: Lead toxicity is a multi-organ risk. It represents a worldwide threat for a very long time ago due to its unavoidable exposure near industrial areas although of all precautions applied. Ginger proved to have an antioxidant effect through its chemical components and so it is adopted in many therapeutic forms. Aim of the study: This study was to explore the proposed protective effect of ginger on hepatic vascular changes and toxicity resulting from environmental exposure to lead. Material and methods: Thirty-two adult male albino rats (weighs 150-200gm) were used in the present study for 8 weeks. The animals were divided into four groups. Group I is a -ve control group received distilled water only by gavage, group II is a +ve control group received 500mg/kg BW ginger in distilled water by gavage, group III was treated with 60mg/kg BW lead acetate (LA) by gavage and group IV was treated by both doses of LA and ginger with gavage. After 8 weeks, animals of all groups were sacrificed and their livers were dissected, weighed and finally processed for light microscopic; HandE and immunohistochemical studies using the anti-apoptotic Bcl2 Immuno-staining. Results: In the HandE and immune stained liver slides, the destructive effect of lead toxicity on liver of group III was obvious. Marked loss of the normal liver architecture with variable hepatocellular changes, necrotic foci and marked vascular affection were detected. These were mostly un-recognized in those rats co-treated with ginger (group IV) that showed almost a normal liver architecture with slightly dilated central veins. This proved to be of statistical significance when compared among the four groups. Conclusion: Ginger proved statistically to be protective to both vascular and parenchymatous architecture in cases of hepatic lead toxicity.
INTRODUCTION
Exposure to lead via inhalation and consumption of contaminated water is one of the oldest toxins in the environment [1, 2] .
Lead is toxic for almost all body organs even in minimal doses [2, 3] through its oxidative stress effect. This oxidative stress is attributed to increasing malondialdehyde (MDA) content and reactive oxygen species (ROS) from mitochondria which might end in apoptotic damage of the tissues [4, 5] . Liver is one of the most affected organs that undergoes cellular necrosis and impaired functions and considered a major target of lead toxicity [6] [7] [8] . Lead toxicity leads to macro-vascular steatosis, hepatocyte injury, bile canaliculi dilatation and bile stasis. It also affects cholesterols regulation, free fatty acids and phospholipids. It also increases pro-apoptotic proteins, mainly Bax and leads to abnormal expression of genes [9] .
Ginger (Family Zingiberaceae) is widely used flavor and cookery agent world wide. Its components of gingerdiol, gingerol, quercetin and zingiberene makes it a powerful antioxidant because of their scavenging effect on hydroperoxide, superoxide anion and hydroxyl free radicals. Also they inhibit both (NO) synthesis and lipid peroxidation (LPO) [10, 11] . It is used as a herbal treatment in many medical cases as; sprains, arthritis, muscular aches, rheumatism, vomiting, indigestion, infectious diseases, hypertension and many other conditions. Therefore, it is a safe herbal supplement that has minimal side effects [12] [13] [14] .
MATERIAL AND METHODS

Experimental animals:
Thirty-two adult male albino rats, each weighs about 150-200gm, were used in the present study. They were bred in animal house and laboratories of Faculty of Medicine, Zagazig University. They were housed at a temperature-controlled and light-controlled room (12-h light/dark cycle), with free access to food and water. All experimental procedures were performed in accordance with the guidelines of the Institutional Animal Care and Use Committee of Faculty of Medicine, Zagazig University.
Experimental design:
The animals were randomly divided into four equal groups, passing an 8weeks experiment. The 8 rats of group I (-ve control group) received distilled water by gavage only. The 8 rats of group II (Ginger treated group or the +ve control group) received a daily dose of ginger (500mg/kg BW) dissolved in distilled water by gavage [15] . The 8 rats Group III (Lead acetate treated group) received a daily dose of lead acetate (60mg/kg BW) dissolved in distilled water by gavage [16] . Lead acetate was obtained in the powder form. Laparotomy was performed and the liver was dissected out carefully from each animal, weighed and finally processed at National Oncology Institute, Cairo for light microscopic and immunohistochemical studies.
Microscopic imaging:
Light Microscopic study was carried out in two categories, 1st one is haematoxylin and eosin stained [17] and the other stained by Bcl-2 Immunostaining to detect the anti-apoptotic factor Bcl-2 protein [18] .
Morphometry:
The collected pictures were processed by Image analysis and morphometric study by measuring the area percentage of immune reaction of Bcl-2 using NIH Image J (v1.50) image analysis software. Non-overlapping fields from each slide were selected randomly and analyzed. 
Statistical analysis:
Statistical study of the diameter of central vein and immune reaction to Bcl-2 were done. All the values of experiments were represented as mean ± Standard Deviation (SD). Oneway analysis of variance (ANOVA) was used, followed by Post hoc least significant difference (LSD) test to evaluate the differences between the groups. For all comparison P<0.05 was considered as significant difference. All analyses were performed using the IBM SPSS 18.0 software available in Faculty of medicine, Zagazig University.
RESULTS
Light microscopic examination:
Examination of hematoxylin and eosin stained sections of liver of group I (-ve control group) as well as those of group II (+ve control group, Ginger treated group) revealed the normal structure of hepatic lobules as tightly packed cords of intact hepatocytes radiating from the central vein. Some hepatocytes are binucleated. Blood sinusoids are lined by intact endothelial cells and scattered irregular kupffer cells with ovoid nuclei in between (Fig. 1 ).
Normal portal triad is detected. This triad consists of portal vein with large lumen and thin wall, hepatic artery with small lumen and thick wall containing smooth muscle fibers and bile duct (Fig. 2) .
Examination of the hematoxylin and eosin stained sections of liver of group III (Lead acetate treated group) shows a marked loss of the normal liver architecture with variable hepatocellular changes. Some hepatocytes are non-nucleated. Variable number of necrotic foci with shrunken, granular, homogeneous and intensely colored hyper-eosinophilic cytoplasm and fragmenting nuclei are seen within the liver parenchyma (Fig. 3, 4 ).
The portal triad shows dilated congested portal venule, cellular infiltration and proliferation of the wall of bile ductule. Some areas show an obvious increase in the thickness of the hepatic artery wall. Even more, many areas showed duplication or triplets of the structures of the portal triad (Fig. 3) . Central vein is dilated, congested and surrounded by mononuclear cellular infiltration. Liver sinusoids are markedly dilated and congested (Fig. 4) .
On the other hand, liver treated primarily with ginger shows lower degree of affection in its architecture; lobules are normal. Normal hepatocytes show vesicular nuclei and acidophilic cytoplasm radiating from central vein. Binucleated cells are abundant and portal areas are more or less normal showing normal bile ductules and nearly normal size of portal veins. Cellular infiltration is nearly negligible. No necrotic foci were observed. Concerning the area of central vein, some dilatation is still detected (Fig. 5, 6 ).
Bcl-2 Immunohistochemical stained sections showed +ve cytoplasmic reaction in both control groups indicating the normal levels of the anti-apoptotic factors. While a moderate immune reaction was detected in group IV (Fig. 7-9 ) in comparison to the negative immune reaction of group III.
Morphometry and Statistical Analysis
Statistical study revealed a high significant (P<0.001) increase in mean value of liver weight in-group III when compared with other groups of study. However, there is a non-significant difference (P>0.05) in mean values of liver weight between groups I, II and IV (Tables 1&2) The mean diameters of central vein among the four studied groups proved to be of high Statistical significance (Fig. 10) The LSD showed a highly significant (P<0.001) increase in mean value of the diameter of central vein in group III and group IV when compared to group I and II. There is a highly significant (P<0.001) increase in mean value of the diameter of central vein of group III when compared to group IV (Table 3 ).
The area percentage of Bcl-2 immune reaction among the four studied groups proved to be of high Statistical significant difference (Fig. 11) LSD showed no significant difference (P>0.05) in mean values of area percentages (area %) of hepatocytes with positive Bcl-2 reactions of group II when compared to group I. There is a highly significant (P<0.001) decrease in mean value of area percentages (area %) of hepatocytes with positive Bcl-2 reactions of group III when compared to group I and II. There is a highly significant (P<0.001) increase in mean value of area percentages (area %) of hepatocytes with positive Bcl-2 reactions of group IV when compared to group III (Table 4) . 
DISCUSSION
While the findings in the present study noted a nonsignificant difference in mean value of liver weight between group IV and the groups I and II, there was a statistical increase in liver weight in the LA treated group (III). This difference in liver weight might be due to excessive infiltration of the hepatic lobules by inflammatory cells as well as hypertrophy of hepatic arterioles and the markedly congested and dilated veins detected in group III. These findings were strengthened by previous studies [19, 20] that attributed the increase in weight of liver to hyperplasia of reticular epithelium, fibrous tissue and lipids accumulation in the liver. Moreover, Long et. al [21] stated that the liver represents the major organ affected by the absorbed lead as it is the commonest repository site and the main organ implicated in biotransformation and elimination of this toxic metal.
On the contrary, other findings [22] on experimental lead toxicity observed a significant reduction in liver weight and attributed it to mal-absorption and/or inhibition of protein synthesis.
This difference in results may be due to the much longer period of exposure in those studies, the different routes of administration or may be due to the different chemical form of lead applied in the experiment.
In the present study, ginger proved to be effective in the diminution of the toxic effects of lead on liver's vasculature and parenchyma.
Ginger's protective effect was detected by both macroscopic and microscopic examination of the liver of group IV (lead acetate and ginger treated group). Liver weight changed minimally and proved to be nonsignificant. Liver considerably preserved its normal architecture when compared with that of group III (lead acetate only). Ginger treated liver also lacks the marked inflammatory infiltration detected in that exposed only to lead acetate; this may be attributed to the potent antioxidant effect of ginger. Atta et. al [23] in their investigations about the hepato-protective effect of ginger revealed similar findings were no pathognomonic changes were detected. Even more, Shrivastava [24] in his experiment detected that treatment by ginger significantly reversed nearly all findings to the control levels.
The morphometric measurements and statistical analysis showed significant increase in the diameter of the central vein of group III as compared with that of the other three groups. On the other hand, group IV showed significant statistical increase as compared with the control groups. Gurer and Ercal [25] pointed the possible role of reactive oxygen species (ROS) in lead-induced toxicity. ROS are highly reactive free radicals such as a superoxide ion (O2-), nitrogen oxide (NO) and hydroxyl radical (OH) [26] . Further studies showed the role of H2O2 and NO in causing endothelium-dependent relaxation and thus being major vasodilator factors as well as a hyperpolarizing of the vascular smooth muscle in small mesenteric arteries of mice [27] . This explains the marked changes detected in the diameters of the vessels especially the central vein.
In addition, the present study showed obvious vascular proliferation in group III, which was absent in the other groups. Previous studies showed that ROS is directly involved in nearly all the processes of angiogenesis; H 2 O 2 induces both proliferation and migration of endothelial cells [28] .
Khaki and Khaki [26] in their study indicated that ginger is a strong anti-oxidant substance and may either mitigate or prevent generation of free radicals. This was obvious histologically in group IV which resembles greatly those of the control groups, indicating the markedly abolished ROS oxidative effect.
Such findings were in accordance also to those reported by Attia et al [15] and Mannem [29] . The authors studied the effects of ginger supplements on lead toxicity using various doses and forms of ginger. These effects were attributed to ginger's antioxidants activity, suggesting that ginger is a protective much more than a therapeutic agent [10] .
Regarding the morphometric analysis of the area percentage of hepatocytes with positive immunoreactions for Bcl-2, group IV showed a significant statistical decrease as compared with that of both control groups. However, it showed highly significant statistical increase as compared with that of group III. This indicates an increased number of apoptotic bodies against BCl2 markers in group III and proves the effective rule of ginger in minimizing the apoptotic effect caused by lead toxicity on liver. These results were in agreement with previous studies [30, 31] that pointed to an anti-apoptotic property of ginger.
CONCLUSION
The ginger has an increasingly effective role in protecting hepatic cells against the toxic effects of LA. Therefore, it is recommended to advice populations at areas of unavoidable risk of lead chemicals to consume considerable amounts of ginger in anticipation to benefit from both its protective and treatment values. REFERENCES 1. Abdou, H M and Hassan, M H. Protective role of omega-3 polyunsaturated fatty acid against lead acetate-induced toxicity in liver and kidney of
